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SUMM4.RY

Theeffectsof~a movableexhaust-nozzleplugontheoperatio~l
performanceofa 20-inohramjetweredeterminedinaninvestiga-
tloncotiactedintheN#3AClevelandaltitudewindtunnel.The
resultsobtainedatvariousexhaust-nozzle-plugpositionsovera
rangeof fuel-airrattoe,combustion-chamber-inletvelocities-
statiopressures,andambient-airstaticpressuresarepresented.

Thehighestcombustionefficiencieswereattainedwiththe
e~ust-nozzleplugfullyretractedIntotheengine.Theeffect
ofthee~ust-nozzleplug in thecombustion&amberonnetthrust
persq~e footofexhaust-nozzleareaata ftiedvalueofgas
total-temperatureratiowasnegligible,whichindicatesthatthe
total-pressurelossesovertheexhaust-nozzleplugweresmall.

INTRODUCTION

A etwlyofnu&Jetperfmnan09chsxacteristicsindicatesthat
controloftheedlaust-nozzle-outletareaofa ramJetprovidesa
meansofobtainingoptimmperfcx’nwm09overa wider- ofoper-
atingconditions.Controloftheexhaust-nozzle-outlet=ea canbe
usedtopositiontheshookina supersonicdiffuser,toMmit or
maintainthecombustion-chamber-inletMch nuiber,andtoveinythe
enginenetthrustatispecificfuelconsumptionovera rangeof
values,evenatfixedfld.ght velocities.A naovablepluglocatedin
a fixed-wallexhaustnozzleisa practicalmeansofcontrollingthe
eihaust-nozzle-outletarea.Previo~investigationsofthev=iables
thatgwerntheperfo-riceofa ram-Jetoombustiono&mber,however,
shaveiniioatedthattheperformmoeoftheccm.ustionohamberIMYbe
mxrkedlyaffeotedbythegecmetryofthecombustionchamberti the
flameholder.(Seereferences1 to3.) Ane*ust-nozzleplug,



beoauseofthesupportingstrutsandlargesizeandlength,may
greatlyaffeottheturbulenceandmixingofthegasthroughthe
combustiondumber,therebyaffeotingtheperformanoe ofthemm-
buetion&amber.

An InvestigationwasthereforeconductedintheNACAClevelard
altitudewindtunneltodeterminetheeffectofa movableexhauet-
nozzleplugontheoperatIonalperfomanceofa 20-inchramJet.
Theresultsofthisinvestigationarecomparedwiththeresults
presentedinreferenoe4 forthesplit-iq)eotionburneroperating
Ina ramsetwithan8-footcmbuetlonchamberw-la 17-lnoh-
diameterexhaustnozzle.Thesameburnerandram Jet wereusedin
theinvestigationreportedherein,withtheexceptionthatthe
exhaust-nozzleplugwasaddedandthe17-inohnozzlewasohangedto

a 17~-inohnozzle.Ananalysisoftheeffeotoftheexhaust-nozzle
plugonthemmbustion-chamberperformanceispresentedInterms
ofthevariablesofexhaust-nozzle-plugposition,fuel-alrratio,
cmnbustion-dumber-inletvelocityatistatlopressure,andambient
statiopressure.Theeffectoftheexhauet-nozzleplugontheengine
netthrustandtheooolhgrequirementsarealsopresented.

APPARATUSANDPROCEDURE

A schematicdiagramofthe20-inchramJet.usedInthisinvesti.-
gatlonisshowninfigure1. Thediffuserhasan8°Inoludedangle,
a 14-inoh-diameterinlet,anda 20-inch-diameteroutlet.Thecmm-
buetionchamberis20inohesindiameterand8 feetlong.A fixed-
wallexhaustnozzle,2 feetlongwitha 17~-inohdiameteroutlet,
wasattachedto”themmbustion-uhamberoutiet.Coolingwaterfor
theoonibustiondumberandtheexhaust-nozzleshellwascirculated
throughhelloalpassagesoonstruotedbyseam-weldinga corrugated
outershelltoa smoothinnershell.

A water-oooledexhaust-nozzleplug(fig.2),designedatthe
Clevelandlaboratwy,wasmountedinthelast3 feetofthecombustion
chamberandextemiedintotheexhaust-nozzleoutlet.Theexhaust-
nozzleplugwas~ inohesindiameteratthelargestseotionand

‘ couldbehydraulicallymoveda totalofU inohesfromthefully
retractedtothefullyextendedposition.Therearseotfonofthe
ombustionchaniberandtheexhaustnozzlewiththeexhaust-nozzle
pluginstalledareshowninfigure3. Bymovingtheexhaust-nozzle
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plugforwardorbackwardas desirecf,theexhaust-nozzle-outletarea
oouldbevariedfrom1.34to1.66squarefeet.Theoutletareas
obtahedatvariousexhaust-nozzle-plugpositionsaregivenInfig-
ure4.

Thesplit-injectionburnerdescribedinreference5wasused
inthisinvestigation.Theburnerconsistedof: (1)a flameholder
(fig.5)mountedatthemmbustion-dmaberinletfromwhicha fixed
amountoffuelata temperatureofapproximately80°1?wassprayed
ina downstreamdirection,and(2)a fuelInjector(fig.6)mounted
upstreamoftheflameholderneartheram~jetdiffuserinlet&cm
whioha variablesmotitoffuel,preheatedata temperatureof
200°F +10°,wassprayedinanupstreamdirection.Thefuelwas
preheatedwiththesteam-heatexdangersystemdesoribedinref-
erence5.

TheremJetwasmountedbelowa 7-foot-chordwingattmhedto
thewind-tunnelbalanceflm.me.Dryretiigeratedairata tem-
peratureof20°F+lOOwasbroughtdirectlytotheramjetbyan
airductandcouldbethrottledfromapproximatelysea-levelpres-
surestothedesiredstatiopressureatthecombustion-ohaniberinlet.
Theengineexhaustedthegasesdirect~-intothewind-tunneltest
section,wherethepressurealtittiewasvariedtothedesiredcon-
dition.wee movementofthemodelwasobtainedbya sealedslip
joint,whiohwasinsertedbetweentheramjetandtheatiduetti
allowedtheuseofthewind-tunnelbalancesystemtomeasurethrust.

IYcmmeasurementsoftotalpressures,staticpreseures,-
tiioatedtemperaturesatthediffuserinletandthestaticpres-
sureatthecombustion-cheaiberinlet,theairflowsandthe
combustion-chamber-inletvelocitieswerecomputed.Thefuelfluws
weremeasuredwithrotameters.mom themeasuredvaluesofset
thrustandgasflow,thecombustionefficiencyandthegas-temperature
risewerecomputedbythemethodspresentedInreferences1 and2.
Theheatlosstothecombustionchamberandnozzle-plugcooling
waterwasaccountedforintheoalculatlonofcombustionefflcienoy.
Thish?atlosswascomputedfYomcooling-water-flowad temperature-
risemeasurements.

Theengineoperationalperformancewasinvestigatedatvarious
tunnelambientstaticpressures,cadnmtion-ohamber-inletstatio
pressures,andfuel-airratios.Ateachsettingof’fuel-airratio
andtunnelanibientandcombustion-ohaniber-inletstatiopressures,
readingsweretakenfordifferentpositionsofthemovableexhaust-
nozzleplug.
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SYM60LS

Thefollowlngsymbolsareusedinthisreport:

cross-sectionalarea,squarefeet

netthrust,‘pounds
.

fuel-airratio

Machnumber

massgasflow,slugspersecond

staticpressure,poundspersquare

heatloss,Btupersecond

totaltemperature,%

velocity,feetpersecond

footabsolute

dtstance
nozzle

rattoof
static
atsea

betweenexhaust-nozzleoutletandendofexhaust-
plug,inches

absolutetunnelambient-airpressuretoabsolute
pressureatNACAstandardatmosphericconditions
level,pO/2U6

combustionefficiency,percent

ratioofabsolutetotaltemperatureatexhaust-nozzleoutlet
toabsolutetotaltemperatureatdiffuserinlet,T4/T1

Subscripts:

o equivalentfree-streamcondition

1 subsonicdiffuserinlet

2 subsonicdiffuseroutletand

3 combustion-chamberoutlet

4 exhaust-nozzleoutlet

ccunbustion-chamberinlet

.

,
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Parameters:

Fn
— netthrustpersquarefootofexhaust-nozzleareareduced
‘4 toNACAstandardatmosphericconditionsatsealevel

Q
-Tn exhaust-nozzle-plugheat-absorptionparameter
‘6

RESULTSANDDISCIESION

TheEeneitivityofengfnecabuetionperformanceto&anges
inthecombustionchamberisevidentfroma studyof figures 7 to14.
Theperformanceoftheocmbuetionchamberwiththeexhaust-nozzle
plugina fixedpositionisestablishedinfigures7 to9. The
effectsonthecombustion-chamberperformanceofthepresenoeofthe
exhaust-nozzleplug inthecombustionchamberanilof various settings
oftheexhaust-nozzleplugarepresentedinfigures10to14. Com-
parisonismadewiththedatareportedinreference4 forthespllt-
injectionburneroperatingina ramJetwithan8-footcombustion
dumberanla 17-inoh-diameterexhaustnozzle.

.

PerformumewithExhaust-NozzlePluginFixedPosition
.

Combustionefficiencyqb ispresentedinfigure7asa
fumtiond ooiubustion-chamber-inletstaticpressurew and
aibient+irstaticpressurePO at aneihaust-nozzle-plugset-
tingftiedatthefullyextendedplugposition.(seefig.3.)
~ta arepresentedatfuel-airratiosof0.030* 0.001,
O.O@+0.002, and0.051* 0.002. Oontourshavebeenfa-d
throughthedataatapproximatelyconstantvaluesofoombustbn-
che.niber-inletvelocityV20

Ata givenvalueof V2, figure7 showsthatvariationin
p2 overtherangeinvestigated(1420to2015lb/sqf%absolute)
hadlittleeffecton Tb. Furthermoreja ccunparisonofdatahaving
aboutthesamevalueOf V2 indioatesthatv=iatlonein po also
hadnegligibleeffeoton ~b. Ecmever,figure7 doesshowthatV2
isanimportantv-iableaffeoting~b ofthisengineoonflguration.

●
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Thestrongeffeotof V2 andthenegligibleeffectsof p2 and

PO on ~ werealsoobservedfromtheresultsoftheinvestiga-
tionreportedinreferenoe4,inwhichthesameburnerwasusedin
a s~ combustionohamberwithouttheexhaust-nozzleplug.

Thedatapresentedinfigure7 havebeenreplottedinfig-
ure8 toshow?b asa fumtionof V2. Thevariationof ~b

withV2 is
of0.030,as
second,qb
Vb toabout

differentateachfuel-airratio.Ata fuel-airratio
V2 wasinoreasedfiam119toabout152feetper
deoreasedabout6 percent(fig.8(a)).Inoreasesin
152feetpersecondatthisfuel-airratiooaused

flameblow-out.

Ata fud-alrratioof0.040,anincreaseh V2 fromU6
to150feetpersecondcauseda decreaseofapproximately18per-
Oentti qb (fig.8(b)).‘l!hecombustion-chamber-inletvelooity
uouldnotbeInoreasedabove150feetpersecondatthisftml-air
ratiobeoauseofexhaust-nozzleohoking.

Thedatafora fuel-airratioof0.051showthatbyincreasing
V2 from117toabout143feetpersecoti,a ~eatidecreasein ~b
ofapproximately17percentresulted.Exhaust-nozzlechokinglimited
v to143feetpersecondatthisfuel-airratio.
2

Thevariationofthegastotal-temperatureratioacrossthe
engineT withV2 atanygivenfuel-airratio(fig.9)follows
thepatternof’variationof ~ withV2.

PerformanceEffectofExhaust-NozzlePlug

d Exhaust-Nozzle-PlugPosition

Theeffectofexhaust-nozzle-plugpositiononcombuetioneffi-
olencyq% andgastotal-temperatureratio T ata fuel-airratio
of0.040”+0.002isshownInfigure10. Datapointsarepresented
fortheexhaust-nozzlepluginthefullyretractedposition(fig.10)
aniarecmmpm?edtotheourvefortheexhaust-nozzleplugInthe
fullyextendedpositionobtain~fromfigures8 and9. Ata fixed
v~ue of V29 highervaluesof qb wereobtainedwiththeexhaust-

nozzleplugfullyretraoted.Theinureasein qb ispresumablydue

.

. .
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totheattendantincreaseintheflame-holder
nozzleRlugwhenitisfullysubmergedwithin

aotionoftheeihaust-
theram-jetccmibustion

chauiber~ita V2 ofi25feetper-second,~b increasedflxxn
about87percentwiththeexhaust-nozzleplugfullyextendedtoabout
91percentwiththeexhaust-nozzleplugfullyretracted(fig.10(a)).
Atmorepronouncedincreasein ~ oocurredat a 72 of150feetPer
seooni.Atthisvelocity,qb wasincreasedfromabotiT4peroent
withtheexhaust-nozzleplugfullyextendedtoabout90peroentwith
theexhaust-nozzleplugfullyretracted.Thepatternofvar~tion
of T withexhaust-nozzle-plugpositionwassimilartothatof vb

asshowninfigure10(b).Withtheexhaust-nozzlepluginthefully
retractedposition,flameblow-outoocurredatcombustion-chamber-
inletvelocitiesgreaterthan160feetpersecond.

A plOt Of ~b d T as a dtigctfumtionofexhaust-nozzle-
plugpositionisshowninfigure11fora fuel-airratioof0.050
+ 0.002atfixedvaluesof V2. Ata V2 of142feetPersecond>

anti~reaseh ~b fromabout69to80percentwasobtainedby
retractingtheexhaust-nozzlepluga distanceof5 inohesintothe
cdnzstionchamberoftheenginefroma fullyextendedposition.
Approx~teQthesamechangein ~b ooourredata 72 Of152feet

perseco~whentheexhaust-nozzleplugwasretractedanadditio=l
distanceof4 inchesintothecombustionchamber.overthese-e
rangesofexhaust-nozzle-plugpositions,T variedl?romabout5.4
to6.3ata V2 of142feetperseoondandfbomabout5.4to6.1at
a V2 of152feetpersecond.Concomitantincreasesinnetthrust

resultedfromticreasingboth T and the exhaust-nozzle-outletarea
byretractingtheexhaust-nozzleplug.

Themarkedimprovementthatinoorporatlonofthemovableexhaust-
nozzleplugintothecombustionchamberofther- Jetw on qb
fortheengineisshowninfigure12. Replottedfromfi~es 8,9,
and10arethesolid-linecurvesshowingthe-iation of qb and7
with V2 forthetwoextremepositionsoftheexhaust-nozzleplug
mountedintheramjet.Thedashedcurveswereobtainedf%omfig-
ure6 ofreference4,whichpresentsthedataforthesameburner
operatingina,similaroombuetionchamberwithoutthenozzleplug.
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Fortheoonditionwithouttheexhaust-nozzleplug,as V2 was
inoreasedficmabout100to140feetpersecond,anIncreasein Vb
fYo3n47to81percentwasobtained(fig.12(a)).Overtheportion
ofthisrangeof V2 atwhichdatawereobtained,~ ramainednelm?ly
oonstantatabout91peroentwiththenozzleplugInthefully
retractedpositionandatabout87percentwiththeexhaust-nozzle
plugfullyextended.FurtherinoreasesIn V2 deoreased~ for

allthreeconfigurations;thesharpeetdropocmrredwiththe
exhaust-nozzleplugfullyextended.Althoughforthisconfiguration
~b droppedbelowthatattainedwithouttheexhaust-nozzleplugin
thecombustionohamberata V2 valuegreaterthanabout145feet
persecond,saneposltimsoftheplugmodelalwaysgavehigher
efflcienoiesthanthesingle-outlet#et.A similarvariation
in T oanbenoted.

Inordertostudytheeffectofexhaust-nozzle-pl~position
on \ and T asaf’umtionoffuel-airratio,figures13and14
arepresentedforthefullyextendedandfuUyretractedexhaust-
nozzle-plugpositions’,respectively.Thefuel-air-ratiorangeof
stablecabustion,whichwasapproximately0.029to0.054,wasnot
noticeablyaffectedbyexhauet-noqzle-pl~position.Ata given
valueof V2 andexhaust-nozzle-plugposition,~b ~-~
increasedwithfuel-airratiountila maximumwasreaohed..ata
fuel-alrratioof0.041.Furtherfncreasesinfuel-alrratio
deoreasedthecombustioneffloienoy.Thepositionoftheexhauet-
nozzleplugdidnotchangethefiel-atiratioatwhichpeakqb
oocurred.

Thegastotal-temperatureratioT Increasedwithfuel-air
ratiofora given●V2 andexhaust-nozzle-plugposition.Peak
valuesof r oocurredata fuel-airratioofapproximately0.0509

EffectofPlugonNetThrust

Reduoednetthrustpersquarefootofe-ust-nozzleareais
plottedInfigure15asa functionofequivalentflree-streamMach

o fora gastotal-temperatureratioT of6.0+ 0.2.numberM
Dataarepresentedfortheeihauet-nozzleplugInbothfully
extendedandfullyretractedpositions.Thedashedourvecomputed

&m -1-=-—“~.: “- — -----
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fromfigure12ofreferenoe4 isinoludedforthe8plit-inJeotlon
burnerina ramjetwitha 17-inch-diameterexhaustnozzlewithout
theexhaust-nozzleplug.A comparisonofthedashedcurvewith
thatforthefullyexteniedplugshawsthatthepresenoeofthe
nozzleplugfnthecombustionchaziberhada negligibleeffecton
thenetthrustpersquarefootofexhaust-nozzlearea.Thisneglig-
ible effecti.ndioatesthatthetotal-pressurelossesoverthe
exhaust-nozzleplugweresmall.Highervaluesofnetthrust,per
squarefootofexhaust-nozzleareaareobtainedwiththeexhaust-
nozzleplugfullyextendedbecausethelowerconibuetion-chamber-
inletvelocitiesV2,whichaoo~ny”a decreaseinexhaust-nozzle-
outletarea,resultinlowerlossesintotal
ramjet.

CoolingRequirements

Theexhaust-nozzle-plugheat-absorption

pressurethroughthe

~ameter Q/m80”8,

whichisa ratioofthetotalheatlosstotheexhaust-nozzleplug
inBtupersecondtothemassgasflowinslugsperseoonltothe
0.8power,isplottedasa funotionofexhaust-nozzle-outletgas
totaltemperatureT4 infigure16. Thispsrameterwasohosen
becausethee~erimentaldataanalyzedi.preference6 indioatea
linearvariationof Q/m80”8withT4 fora oonstantwalltempera-
ture.Thesoatterofdatainfigure16maybeattributedtovari-
ationsinthespecificheatsoftheproductsofcombustion,to
variationoftheexhaust-nozzle-plug-shelltemperature,andto
effectsofheatabsorbedbyradiation.Lowervaluesoftheexhaust-
nozzle-pl~ heat-absorptionparameterata givenvalueof T4 were
obtainedwhentheexhaust-nozzleplugwasfullyretraoted.The
oooling-wateroutlettemperaturewasnotgreaterthan200°F for
anycondition.

SUhWARYOFRESULTS

Fromaninvestigationoftheeffectsofa movableexhaust-
nozzleplugontheoperationalperformanceofa 20-inohram~et,the
follgwingresultswereobtained:

1.IncorporationofthemovableexhausbmzzleplugIntothe
ocznbustionchaniberoftheramJethada markedeffectonthecom-
bustionefficiency,whichwasdependentupontheexhaust-nozzle-plug
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positlcminthecombustionchamber.overa
chamber-inletvelocity&cm 100to140feet

range

NACARMNO. E8D22

ofccmibuetion-
persecond,higher

valuesofc“odnzstionefficiencywereobtainedforallpositions
oftheexhaust-nozzleplugthanfor thesingle-outlet#et,the
highestcombustionefficiencybeingattainedwiththeexhaust-
nozzleplugfullyretracted.Atcombustion-chamber-inletvelocities
greaterthan145feetpersecond,whentheexhaust-nozzleplugwas
fullyextetied,ccunbustionefficiencydroppedbelowthatattained
withthesingle-outletjet,buthighercombustionefficiencies
werealwaysobtainedwiththeexhaust-nozzleplugfullyretracted.

2.Theeffeotofthepresenceoftheexhaust-nozzleplugin
thecombustion&amberonthenetthrustpersquarefootofexhaust-
nozzleareaata fixedvalueofgastotal-temperatureratiowas
negligible,whichItiicatesthatthetotal-pressurelossesoverthe
exhaust-nozzleplugweresmall.

3.Thevariationofcczibustionefficiencywithcambustion-
chamber-inletvelocitywasdifferentateachfuel-airratiofor
anyfixedsettingoftheexhaust-nozzleplug.Ata fuel-airratio
of0.030withtheexhaust-nozzlepluginitsfullyextendedposi-
tion,ascombustion-chariber-inletvelocitywasincreasedfrom119
to152feetpersecondthecombustionefficiencydecreasedonly ‘
about6 percent.Ata fuel-airratioof0.051,however,ascombustion-
chamber-inletvelocitywasincreasedficm119to143feetpersec-
ond,a steadydecreaseincombustionefficiencyof16percent
resulted.Ata givenvalue ofcombustion-chamber-inletvelocity,
peakcombustionefficiencyoccurredata fuel-airratioofabout
0.041.

4.Aswiththeramjetwithouttheexhaust-nozzleplug,vari-
ationsincombustion-chaniber-imletstaticpressureatfixedvalues
ofccmibustion-chamber-inletvelocityovertherangeinvestigated
(1420to2015lb/sqabsolute)hadlittleeffectuponcombustion
efficlenoy.Similarly,variationsinambientstaticpressure
hadlittleeffectoncombustionefflolency.

FlightPropulsionResearchLaboratory,
NationalAdvismyCcadtteeforAeronautics,
‘ Cleveland,Ohio.

.

,

w -=ait.pimti”iAi -’‘



NACARMNo. E8D22

REFERENCES

11

1.

2.

3.

4.

5.

6.

Perchonok,Eugene,Wilcox,ltredA.,and%erbentz,WilliamH.:
PreliminaryDevelopmentad PerformanceInvestigationofa
20-InchSteady-FlowRamJet. NACAACRNo.E6D05,1946.

Perchonok,Eugene,Sterbentz,WilliamH.,andWilcox,RedA..:
Performanceofa 20-InchSteady-FlowRemJetatHighAltitudes
andRam-PressureRatios.NACARMNo.E6L06,1947.

Wilcox,l?redA.,Perchonok,Eugene,andWishnek,George:Some
EffectsofGutterFlame-HolderDimensionsonCcmbustion-
ChamberPerformanceof20-InchRamJet.NACARMNo.E8C22,
1948.

Sterbentz,W.H.,Perchonok,E.,andWilcox,F. A.: Investi-
gationofEffectsofSeveralFuel-InjectionLocationson
O-perationalPerfomanceofa 20-InchRamJet. NACARMNO.E7L02,
1948.

Perchonok,Eugene,Wilcox,~ed A.jandSterbentz,WllllamH.:
InvestigationofthePerformanceofa 20-InchRamJetUsing
PreheatedFuel.NACARMNo.E6123,1946.

McAdams,WilliamH.:HeatTranauission.McGraw-HillBookCo.,
Inc.,2d.cd.,1942.



SiMJ.omlingwter
Plugooollngwat9r Plugoool~ uukr

Shallooolingwnta

r
T

rE9trflcbd
pculitlml .

4.
.

. A

. ?!%

m holAbr

!

I I I,

296
.



. . , .

paling WBter CmlillgUk5r

kc.ii.lng-waterpn96q19 Mweabla oylwr ~

h’lgure2. - 6okmmtiodiagmm of exhawtamde plugahuwiugi@ranlio-pmltkalrg oylitirad *M ofwatar-omling.
.

G



-.! “&-

.

.

.

.

.



.

NACA,RM No. E8D22

(a)~uet-nozzlepinginuretzuotedpositionmuntedlna3-fout oanbuetion-
ohambereeotionwithnonozzleattaohed.

15

.

(b)Exhauet-nozzlepluginfullyextedledpositionmcmntedinocabustiaohumberirlth
17&inohexkmutnozzleattaohe6.

Ftgure3. - ~uet -nozzlepluginetalledinoombuetionohmberof20-inOhm Jet.
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Figure4. - Exhaust-noszle-outlmtarm aallbrat%onof l~~sh-dismeter exbmst nozsleat

variousexhaust-nozzle-plugpositions.
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F- 5.-Down6treaaTim ofm holdershowingfnd-eJprwnozzleswithinflame-holder
gutters.

[9



.

.

.



962
. ,

-6. -uptrunm vilYvofBix-tIlbecul@uhblefuellnjeotm mmrtsllinaifftaenr. I
to



.

.

.

,

.

e;”””““ .$..j., ...L

.—. -



NACARM No. E8D22 23
.

.

— ..-

AmblentatatioEquivalent
preaaure pressure

altltude
(lb/aqp;tabs.) (rt)

1460 10,100
: 1195 ls,ooo
~ 20,100

% 24,900
v 650 29,200

ombustlon-ohamber-inlet
veloeity,V2,(ft/see)

30~ r&o/ 3X52 152 (H37
1#170. u

I
(a)Fusl-alrratio,0.030kO.001.

I

139
11$? 121

90‘ H
123 &a w -w ‘%6‘~,

SO, “
n-131

150
70

(b)Fual-a%rratio,0.040*0.002.

90
134 %7~..\-

60 m I
I-y 13 ~ m32

: ‘y@y

w
143-~ti41

1400 1600 1700 1800 1900 8000 2’.00
Oc+abustlon-shamber-inletpressure,PZ,lb/aqftabsolute

(o)Fuel-alrrat%o,0.051kO.002.
Figure7.- Effeotofoombustton-ohamber-inletstatlopressureand fuel-airrat~o
on aombuet%onefffaienoyatvariousconditionsofcombustion-ohambsr-inlet
velooityamdambientstatlopressure,20-inohramjetsith2-footoombustlon
chamber; exhaust-nozzleplugfullTextended.

.
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AmbientstatioEquivalent
pressure pressure

PO altitude
(lb/sqftabs.) (f%)

o 1460 10,100
1196

:
15,000

970 20,100
790 24,900

v 650 29,200
80 III
70 n

~Flame blow-out
60 I i I I 4
(a)Fuel-airratio,0.030 * 0.001”combustion-chamber-inlet
staticpressurepzg 1340to1996poundspersquarefoot

g absoluteg

E
E90 , 0 +
2 *O o s
$ fl~h~;~ozzle

g 70, d\
o
E 60

(b)Fual-airratio,0.040* 0.002°mmbustion-chamber-inlet
u staticpressurepz,1480to201~poundspersquarefoot
s*
s

~ II80 -1 III -Exhaust+ozzle
#I ehoklng

70‘
I

60 I
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Figure9. - Effect of combustion-ohamber-inletvelocityandfuel-
alrratioongastotal-temperatureratioat variousconditions
of combustion-chamber-inletstatlopressureand ambientstatic
prdssure. 20-inchram jetwith 8-footmmbustion ohamberj
exhaust-nozzleplugfullyextended.



26 b:QNfWOENT IR’ NACARM No. E8D22..-

Ambient-airEquivalent
pressure,po pressure

(lb/sqftabs.) al&~~

o 1450 10,100
❑ 1195 15,000

Exhaust-nozzle-
plugposition
Fullyretracted—-—- Fullyextended

100-

90 -o a
--------------~ %

\
80

\
\\ >Flsme blow-out

70 llxhaust-nozzle~
choking

60 I I
(a)Combustionefficiency.

.
6

----,- w
i

Flameblow-out--------
%x, %=

5 \
Exhaust-nozzl
choking

4, I
100 1-20 140 160
Combustion-dwnber-inletvelooity,.Ve,ft/see

(b)Gastotal-temperatureratio.
Figure10.- Effectofmmbustio=hember-inletvelocityon
mmbustioneffioienoyand~astotal-temperatureratiofor

.

exhaust-nozzleplug?ully~etraatedand-fullyextended.20-
lnchram jetwith 8-footcombustionahsmber;fuel-airratio,
0.040~ 0.002;combustion-chamber-inletstatioPress~ePgS
1795to2006poundspersquarefootabsolute.

~cotmhw’$.>--- --------



NACARM No. E8D22 27

AmbtentstaticEquivalent
pressure pressure

(lb/sqft abs.)

v 650 29,200

Combustion-ohamber-. inletvelocity,Vg
(ft\seo)

Ym d
90 ao a

80
E

70’ 5

60’
(a) Combustioneffietency.

Exhaust-mozzle-plugposition,x, in.
(b)Gastotal-temperatureratio.

Figure 11. - Effectof exhaust-nozzle-plugpositionon combustion
efflolencyandgastotal-temperature’ratio.20-inchram jet
with8-footcombustionohamber;fuel-airratio,0.050● 0.002.



28 NACARM No. E8D22

Exhaust-nozzle-
PIW position

Fullyretraoted
ully extended

100 / 7-inchnozzle
Ithoutplug

90~

eo /
/’

70 ,/
//

60 /
/“’//

50 *.~
40

(a) Combustionefficiency.

Exhaustiozzle-
P1U8position

-Fullyretracteil
‘Fullyextended

withoutpl~
6

HJ
5

/
%///

4
./

/“
-./--..

8“ ,

2 I
80 100 120 140 160 180

Combustion-ohambex+nletvelooity,V2,ft/sec
(b)Gastotal-temperatureratio,

Figure12.- Effeetofcombustion-ohamber-inletvelooityon
oombustlonefficiencyand gas total-temperatureratio with
andwithoutexhaust-nozzleplug. 20-inoh$am

h
etwith8-foot

oombuetlonchamber;fuel-alrratio,0.040- 0. 2. (Dashed
ourvesobtainedfrom fig. 6 ofreference4.)

.

.



NACARM No. E8D22 29

90

80

70

\\ll/A I I I I

601 I I I *“. I ,*”“ Uw I 1 f I I (

(a)Combustioneffietenoy.

7

6

5

4

3
.02 .03 .04 .05 .06

Fuel-airratio,f’\a
(b)Gastotal-temperatureratio.

Figure13.-Effeot.offuel-air ratiooncombustioneffioieneyand
=aatotal-temwratureratiooverrangesof aombustion-ohamber-
~nletvelooit~,staticpressure,and&zbientstaticpressure.20-
inchramsetwith8-f’ootcombustionohamber;exhaustaozzle
fullyextended.

plug



30
..cONFIDENTIAP NACARMNo. E8D22

. .

AmbientstatioEquivalent
‘1 pressure pressure

Po altitude
(lb/sqftabs.) (f%)

o 1450 10,UIO
1195 15,000

. z 970 20,100
790 24,900

$ 650 29,200

h Combustion-ohamber-
;

‘n~et(zg::.ty’‘2:* 100.+G%0 125 146
$+~

Q& ‘0
139\ ,/

$*8O 148 61 16

~ ,~+ 15

(a) Combustionefficiency.

●

158
13

148

I

/-
>64

02 .03 ●04 ●05 .06
Fuel-airratio,f/a
‘ (b)Gastotal-temperatureratio.

Fl&m 14.- Effeotof fuel-airratioon combustionefficteney●nd

f
as total-temperatureratiooverrangesof combustlon-chamber-
nletvelooity,staticpressure,andambientstatiopressure.20-
inohramjetwith8-footoombuationohamber;exhaust-nozzleplug
fullyretraoted. . ______

F $QNFID#fiTIi+

.

.



, . .
96%

Flgura15.- Effeotof equivalentfree-streamMaohuumberandexhmmt-nozzleplugon redmeed
net tbruatper square foot of exhauat-nozzleareaat gastotal-temperatureratioof 6.0
k 0.8. 20-inahram jetwitha-rootoombuetlonO-er. Mettit reducadto ~cA
utandarda-epherlo condltlmmat mealevel. (Dashedourveobtainedfromfig. M Of

referenoe 4.)

. ,

w



Exhaus+nozllle-
plug position

o— Fullyextended
cl---F’UUY retracted

400 0

4
a)

;

o
e t

:
m

~ o
0

200
o / ‘

j
m -“--

I

-a
100

❑m;
P

0
1800 U300 2000 2200 2400 2800 2800 3000 3200

Exhaust-nozzle-outlet gas total tsmparature, T4, ‘R

Figure 16. -E!ffeot of exhaust-nonzle-outlet gas total temperature on exhaust-nozzle-plug
heat-absorption parameter with exhaust-nozzle plug fully ratraoted and fullyextended. 20.
lnah ram jet with Hoot combustion chamber; mass gas flow, 0.44 to 0.81 slugs per seoond.

. . . h
*

. 296


